Background and Purpose-Several studies have suggested that exposure to "triggers," could precipitate the onset of ischemic stroke (IS). We performed a systematic review of the potential triggers of IS. Methods-Two independent reviewers identified studies published between January 1980 and June 2010 from MEDLINE and Embase. Where appropriate, odds ratios (ORs) were combined. Results-A total of 26 studies identified 12 potential triggers. Twenty-two studies used a case-control design, and hazard period durations ranged from 2 hours to 3 months. The majority of studies were dedicated to alcohol abuse (nϭ10) and clinical infection (nϭ12). There was a significant association between IS and alcohol abuse of Ͼ40 to 60 g within the preceding 24 hours (ORϭ2.66; 95% CI, 1.54 to 4.61) or Ͼ150 g within the previous week (ORϭ2.47; 95% CI, 1.52 to 4.02) and infection within the previous week (ORϭ2.91; 95% CI, 1.41 to 6.00) or within the previous month (ORϭ2.41; 95% CI, 1.78 to 3.27). Other triggers have been far less investigated. There was a significant association between IS and anger, heavy eating, negative or positive emotions, sudden posture change in response to a startling event, birthday, and psychological distress and no significant association with drug abuse or heavy physical exertion. Regarding methodological issues, patients were rarely blinded to study objectives, and interviewers were rarely blinded to patient status. 
T he role of traditional risk factors in the pathophysiology of ischemic stroke (IS) is now well established, 1 and it has recently been shown that 10 risk factors are associated with 90% of the risk of stroke. 2 However, it is impossible to predict when a stroke will occur, even in people with a high-risk profile. The observed circadian pattern and morning peak of IS onset strongly suggest that the disease does not occur randomly. 3, 4 In addition, it has been hypothesized that vascular events could be precipitated by acute factors, called triggers, which increase the risk of the disease over a relatively short period of time and may directly lead to its onset. 3, 5, 6 Some triggers may exert a single, sharp, and short transient effect on the pathophysiological process, whereas others may exert more varied and pervasive effects, probably amplifying risk at multiple points and over a longer period. Thus, the period of time associated with an increased risk, called hazard period, starts more or less quickly after trigger initiation, and its duration may vary according to the type of trigger. 6 Several studies have already demonstrated triggering effects of heavy physical exertion, 7 anger, 7 emotional and mental stress, 8 sexual activity, 9 or acute infection 10,11 on myocardial infarction (MI) occurrence. 12 It is speculated that those factors qualitatively alter the stable or quiescent phase of coronary atherosclerosis and initiate a cascade of events that culminates in plaque rupture and thrombosis leading to acute MI. 6 By contrast, the potential role of triggers on the occurrence of IS is less well established. 13 Moreover, although IS and MI share common pathophysiological pathways, it remains unknown whether triggers of IS and MI are similar. Considering the heterogeneity of IS mechanisms, differences in triggers of IS and MI are plausible. 13 We conducted a systematic review of possible triggers of IS, estimated effect sizes by pooling individual data when applicable, and assessed methodological issues of included studies.
Methods
The manuscript was prepared in accordance with the MOOSE (Meta-analysis Of Observational Studies in Epidemiology) guidelines. 14 
Selection Criteria and Search Strategy
Studies were eligible for review if: (1) the design was a cohort, a case-control study, a self-controlled case-series, or a case-cross-over study; (2) crude numbers and/or relative risks were reported; (3) triggers considered were factors or activities that patients had been exposed to within the 3 months before IS onset (hazard period). We did not include studies that enrolled patients with intracerebral or subarachnoid hemorrhages exclusively.
Electronic search was performed using MEDLINE (1980 to June 30, 2010) and Embase (1980 to June 30, 2010) using both medical subject heading (MeSH) terms (appendix) and the keyword "trigger." The search terms were derived from 2 review articles related to triggers of MI and IS. 12, 13 We also hand-searched the reference lists of all included articles, any relevant review articles, our personal files, the contents pages of the 3 journals from which most eligible articles were identified in the electronic search ( 
Data Extraction
Using a standardized form, two readers independently and in duplicate extracted data from selected articles. All discrepancies were resolved by consensus. The quality of included studies was scored using 10 items derived from the STROBE checklist of observational studies, that we adapted to our systematic review (Supplemental Table I , available at http://stroke.ahajournals.org). 15 For each study, one reader scored each item as "Yes" or "No" according to the definition of the quality item. Rather than calculating a global score for each study, we considered items separately and calculated a global score for each item (corresponding to the proportion of "Yes" answers).
Statistical Analysis
Odds for an exposure to at least 1 trigger were calculated within individual studies. Odds ratios (ORs) from separate studies were combined using a fixed-effects metaanalysis, according to the Mantel-Haenszel method, 16 or using DerSimonian-Laird randomeffects metaanalysis, where appropriate. 17 In all analyses, inconsistency of findings across studies was assessed using Cochran's Q statistic and the I 2 statistic with associated 95% CI, the latter being the percentage of variability that is attributable to between-study heterogeneity rather than sampling error (chance). 18, 19 According to the Cochrane handbook, heterogeneity was classified as moderate (I 2 Ն30%), substantial (I 2 Ն50%), or considerable (I 2 Ն75%). 20
Results
The literature search finally resulted in 26 studies that met inclusion criteria (Supplemental Figure, available at http://stroke.ahajournals.org), corresponding to 12 potential triggers: alcohol abuse (nϭ10 studies), [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] clinical infection/inflammation (nϭ12), 10, 11, 29, [31] [32] [33] [34] [35] [36] [37] [38] [39] stressful life events (nϭ1), 34 psychological distress (nϭ1), 40 birthday (nϭ1), 41 positive or negative emotions (nϭ1), 42 anger (nϭ1), 42 sudden posture change in response to a startling event (nϭ1), 42 heavy physical exertion (nϭ1), 42 heavy eating (nϭ1), 42 and recreational drug abuse (nϭ2). 43, 44 Interrater reliability for selection process was perfect (ϭ1.00). There were 22 case-control studies, 2 casecrossover studies, 1 self-controlled case-series study, and 1 cohort study (Table 1) . One of the case-control studies was also analyzed as a case-crossover study. 37 Hazard period durations ranged from 2 hours to 3 months, and 23 studies were hospital-based (Table 1) .
Alcohol Abuse
Ten case-control studies reported on acute alcohol abuse and risk of IS. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] A standard drink of alcohol was estimated to be equivalent to 12 g of ethanol, except in 1 study, where a standard drink corresponded to 0.6 ounces (ie, 17 g) of ethanol. 23 Cutoffs used to define acute alcohol abuse ranged from 40 to 120 g within the 24 hours preceding IS and from 150 to 400 g within the week preceding IS (Table 1 ). Three studies included some patients older than 60 years, 21-23 1 study included women only, 27 1 had a small proportion of patients with intracerebral or subarachnoid hemorrhages, 22 and another excluded patients with nonatherosclerotic strokes. 23 Five studies could not be pooled because of different cutoffs or hazard periods or because crude numbers were not reported ( Table 2) . [21] [22] 26, 28, 29 Of those 5 studies, 3 found a positive association between acute alcohol abuse and IS, 22,28,29 1 found a nonsignificant association in case of heavy alcohol intoxication (Ն427 g) within the previous week, 26 and 1 did not show any association. 21 After combining all available data, we found that alcohol abuse Ͼ40 to 60 g within the preceding 24 hours (ORϭ2.66; 95% CI, 1.54 to 4.61; Figure 1 ), [23] [24] [25] 30 and alcohol abuse Ͼ150 g within the previous week (ORϭ2.47; 95% CI, 1.52 to 4.02, Figure  2 ) 24, 25, 27 were significantly associated with an increased risk of IS. Likewise, alcohol abuse Ͼ100 to 120 g within the preceding 24 hours (ORϭ5.94; 95% CI, 2.42 to 14.56), 22, 24 and alcohol abuse Ͼ300 g within the previous week (ORϭ3.78; 95% CI, 2.39 to 6.00) 24, 25 were associated with the risk of IS. Only 1 study examined this association according to IS subtypes and found a stronger association for cardioembolic strokes. 25 There wasn't any data according to beverage type.
Clinical Infection/Inflammation
We identified 11 case-control and 1 self-controlled case-series studies (Table 1) . 10, 11, 29, 31, 39 Paganini-Hill et al carried out a case-control and a case-crossover analysis with the same dataset. 37 Depending on studies, the diagnosis of clinical infections was based on the presence of fever alone, 31,35,36 1 typical symptom alone, 36 fever with Ն1 typical symptom, 31-33,36 -39 Ն2 typical symptoms with or without fever, [31] [32] [33] 37, 39 Ն1 typical symptom with positive biological or imaging test, [31] [32] [33] 37, 39 or typical symptoms requiring treatment (eg, antibiotics), general practitioner consultation, or surgery. 37, 39 In studies conducted in general practice databases, the diagnosis of respiratory and urinary tract infections was based on coding systems. 10, 11 Zurrú et al excluded patients with cardioembolic strokes, 39 Syrjänen et al included only patients aged Ͻ50 years, 29 and Nagaraja et al included only patients aged Յ40 years. 35 Patients with endocarditis or central nervous system infections were excluded from these studies. Three studies also investigated inflammatory events defined as noninfectious conditions associated with local or systemic activation of the immune system. 34, 36, 37 The combined analyses showed a significant association between IS and infection within the preceding week (ORϭ2.91; 95% CI, 1.41 to 6.00; Figure  3 ), 10, 29, [31] [32] [33] [34] 36, 37 and the preceding month (ORϭ2.41; 95% CI, 1.78 to 3.27; Figure 4) . 10 ,29,32-34,36 Only 1 study did not show any association between IS and infection. 37 However, using a case-crossover analysis with the same dataset, the authors found a nonsignificant association between respiratory tract infections and risk of IS. Looking at infection subtypes, the risk of IS was significantly increased within the first week after respiratory tract infection (ORϭ2.4; 95% CI, 1.2 to 4.8; 5 studies 10, [32] [33] [34] 37 ) and nonsignificantly increased within the first week after urinary tract infections (ORϭ1.6; 95% CI, 0.5 to 4.9; 4 studies [32] [33] [34] 37 ). There was no data available for exposure within 1 month according to infection subtypes. The risk of IS was similarly increased for bacterial (ORϭ4.4; 95% CI, 2.2 to 8.7; 2 studies [32] [33] ) and viral (ORϭ2.6; 95% CI, 1.3 to 5.2; 2 studies 32-33 ) infections. The relationship between infection and IS according to stroke etiology was examined in 4 studies only, which suggested that association between infection and IS was stronger in cardioembolic and large-artery disease IS. 32,36 -38 Table 2 also summarizes the results of 2 studies that could not be included in our pooled analyses. Using a selfcontrolled case-series design, Smeeth et al provided the largest study (Ͼ50 000 patients) on the relationship between recent infections and stroke. 11 The results were highly consistent with our pooled analysis of case-control studies. The relative risk of stroke was highest within the few days after infection and decreased with time although remaining significant through the 3-month period after exposure. Nagaraja et al also found a significant association between recent infection and IS, but did not define the hazard period precisely. 35 
Recreational Drug Abuse
Two studies were identified and reported conflicting results (Table 2) . 43 , 44 Petitti et al found a nonsignificant association between IS and drug abuse (cocaine and amphetamine) within the preceding week (ORϭ4.5; 95% CI, 0.9 to 21.6), 43 whereas Qureshi et al did not find any significant association (ORϭ1.2; 95% CI, 0.4 to 3.8). 44 There was no data on cannabis use.
Other Triggers
As shown in Table 2 , recent exposure to anger, negative or positive emotions, sudden posture change in response to a startling event, heavy eating, birthday, psychological distress were significantly associated with IS risk. 40 -42 Risk of IS was nonsignificantly increased after heavy physical exertion. 42 However, these potential triggers were examined in no more than 1 study each. There was no association between stressful life events and risk of IS in one study. 34 We did not identify studies on sexual activity and IS.
Study Quality
Study quality assessment is presented in Supplemental Table  II . Setting and selection of participants were well described in 19 (76%) studies. Precipitant factors were clearly defined in 15 (60%) studies. Information on precipitant factor was obtained from a face-to-face patient interview exclusively in 6 (24%) studies, from a face-to-face patient interview or from a proxy when the patient could not reply in 12 (48%) studies, from a database in 4 (16%) studies, and the method used was not reported in 3 (12%) studies. Less than 15% of studies reported that patients were blinded to study objectives and/or that investigators were blinded to patient status. A flow chart was given in 14 (56%) studies. Participants characteristics, crude numbers, and/or estimates were reported in Ϸ85% of studies.
Discussion
In the present systematic review of 26 studies, we isolated 12 potential triggers of IS (alcohol abuse, clinical infection/ inflammation, recreational drug abuse, psychological distress, stressful life events, birthday, negative or positive emotions, anger, heavy physical exertion, heavy eating, sudden posture change in response to a startling event). The majority of studies were dedicated to alcohol abuse and clinical infection/ inflammation, and used a traditional case-control design.
Triggers that have been widely studied in MI, such as physical exertion, psychological factors, or sexual activity have been very little examined in IS. 12 We showed that the risk of IS is increased by 2-to 3-fold after alcohol abuse within 24 hours (Ͼ40 to 60 g) or 1 week (Ͼ150 g). Our analyses also suggested a possible dose-effect relationship because the strength of the association tended to increase with alcohol amount. Interestingly, a previous systematic review did not demonstrate any association between acute alcohol abuse and MI onset. 12 That review considered studies with a very short hazard period (ie, a few hours) only. However, a case-control study that considered a longer hazard period (24 hours) did not find any association between MI and acute alcohol abuse either. 45 The pathophysiological mechanisms by which acute alcohol abuse could increase the Figure 1 . Risk of IS and alcohol abuse (Ͼ40 g) within 24 hours before IS (random effects metaanalysis). ‡Alcohol abuse Ͼ60 g. Figure 2 . Risk of IS and alcohol abuse (Ͼ150 g) within 7 days before IS (random-effects metaanalysis). $Alcohol abuse Ͼ168 g.
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risk of IS over a short period of time remain hypothetical. Cardioembolism caused by cardiac arrhythmias, 46 -49 possibly favored by cardiomyopathy in case of associated chronic alcohol intoxication is strongly suspected. 25, 46, 50 Other mechanisms include paradoxical emboli via patent foramen ovale during Valsalva maneuver (eg, vomiting), artery-to-artery emboli after dislodging of arterial thrombi secondary to a sudden increase in blood flow following alcohol intoxication, 25, 50, 51 traumatic arterial dissection, platelet activation, 52 and possible changes in hemostatic and fibrinolytic parameters, although such disturbances have been mainly reported in chronic alcohol intoxication. 50, 53 Because some of these mechanisms are specific to IS, it may explain why no association between acute alcohol abuse and MI was found.
Our analysis also showed that the risk of IS is increased by 2-to 3-fold within the week or the month following clinical infection. This increase in IS risk was highest within the first week following infection 10, 11, 32, 33 and slowly decreased with time but was still significant after 3 months. 10, 11, 39 Our results also showed that triggering effects do not seem to vary according to infection site (eg, respiratory and urinary tract) or microbial agent (eg, bacterial or viral). 10, 11, 32, 33 In accordance with our main finding, it has been shown that influenza vaccination is associated with a decreased risk of stroke, 54 and that antibiotics may have preventive effects on cerebral ischemia. 55 The systematic review of MI triggers that we indicate above did not identify any articles showing an association between MI and infections within the few preceding hours. 12 However, more recent large case series and case-control studies found a strong and consistent association between MI and recent infections (Ͻ3 months). 10, 11 Potential pathophysiological mechanisms implicating immunohematologic changes, enhancement of atrial fibrillation, and vessel abnormalities favoring cervical artery dissections have been recently reviewed. 13, 56 Interestingly, infection and alcohol abuse are also well-known risk factors for IS. However, this finding may not be true for all triggers, and pathophysiological mechanisms resulting in IS after chronic or acute exposure to risk factors are not necessarily the same. It is also likely that some people are more predisposed to develop an IS when exposed to a trigger. The combination of predisposing genetic or environmental factors and trigger(s) could lead to an imminently high risk of IS, also called stroke-prone state. 13 However, the interactions between chronic risk factors for IS and triggers are still unknown.
Finally, another important finding of our systematic review is that only very few research has been done on psychosocial factors, sexual activity and physical exertion as potential triggers, whereas those factors have been more widely examined as triggers of MI. 34,40 -42 Most of these triggers have been assessed once only in IS. Although several studies have established triggering effects of stressful life events on MI onset, the risk of IS was not increase within the month following stressful life events exposure in one study. 34 However, very few life events (nϭ5) and only the most severe were considered. By contrast, some case-control studies showed a significant association between the risk of IS and the exposure to stressful life events in the previous year [57] [58] [59] and lifetime. 60 -63 Taken together, these findings should encourage future research on this area.
The practical implications of research on triggers are still hypothetical. The main potential implication is a better knowledge of pathophysiological mechanisms leading to IS onset. There is also potential for preventive strategies directed against the short-term risk posed by triggering activities as a complement of the long-term risk factor reduction approach. For instance, we could contemplate avoiding trigger exposure as much as possible in high-risk patients (eg, aggressive treatment of infections) or transient reinforcement of traditional prevention in high-risk patients exposed to a trigger (eg, use of antithrombotic drugs). However, this remains to be demonstrated and would not apply to all triggers.
Our systematic review is subject to several limitations. First, metaanalysis of observational studies are sensible to several biases directly related to individual studies. 64 Patients were rarely blinded to study objectives, interviewers were rarely blinded to patient status and timing of stroke, and in some studies, trigger exposure was retrieved from proxy interview or database, rather than through face-to-face interviews. Moreover, several studies were underpowered. 22, 42, 44 Finally, most of studies were based on a case-control design, which is subject to potential selection and confounding biases. 65 Although blinding interviewers from the status of a patient could be difficult in practice, it is desirable that interviewers should be blinded for the exact timing of stroke. Indeed, despite several limitations, the case-crossover design seems a more appropriate design to assess the impact of triggers of IS. Because patients are their own control, it has the advantage to limit time-invariant confounders. 66, 67 The possibility of recall biases is the main problem of this design, but such biases also exist in traditional case-control studies. Difficulty in determining a clear-cut beginning and end of exposure (eg, infection) may be also problematic in casecrossover design studies, but such bias would tend to underestimate rather than to overestimate the association between triggers and IS. Despite these potential advantages, the case-crossover has been used in very few studies. 37, 40, 42 Second, our systematic review may be subject to publication biases. 64, 68 The small number studies did not allow us to perform funnel plot analysis to assess the presence and extent of such biases. Selection biases are unlikely because we combined electronic searching in different databases with hand-searching conference books of abstracts and searching reference lists of included articles. 20 Third, we found significant heterogeneity across studies in most of our pooled analyses. However, heterogeneity was quantitative rather than qualitative.
In conclusion, there are several potential triggers for IS. However, to date, research has been mainly focused on acute alcohol abuse and clinical infection. More studies are needed on factors such as physical exertion or acute stress. Moreover, because triggering effects are likely to vary depending on patient characteristics (ie, concept of "stroke-prone state"), 13 future research needs to seek for such potential interactions. We also recommend that future studies should use more appropriate designs (eg, case-crossover study), collect exposure information as uniformly as possible, examine different hazard periods because the durations of triggering effects are likely to vary widely, examine interactions with modifiable and nonmodifiable risk factors, and determine periods during which patients are the most vulnerable to triggers exposures.
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